Antisera prepared by immunizing 10 virgin heifers with semen pooled from eight bulls of four dairy breeds reacted in immunodiffusion tests to indicate that bovine semen contains at least four isoantigens. No visible precipitin reaction was observed when such sera were diffused against vesicular gland fluid, but all four antigens were present in the testicular fluid, cauda epididymal plasma, cauda epididymal sperm and caput epididymal fluid, indicating that they arise from the testes. This viewpoint was supported by the results of immunofluorescence investigations.
INTRODUCTION
Evidence has been accumulating in recent years that antibodies against semen or washed spermatozoa can prevent fertilization or may cause embryonic death. Weil and Rodenburg (1960) and Weil and Einkler (1958) reported that antigens are adsorbed by the spermatozoa from the seminal plasma. There is also evidence that spermatozoa possess antigenic properties themselves as indicated by Freund et al. (1955) . There are many conflicting reports regarding the source and origin of sperm specific and miscellaneous antigens in bovine semen. The mixing and interaction of many components from various areas of the male reproductive tract, as well as different methods for processing and analysis, undoubtedly account for some of this disagreement (Barker and Amann, 1970) . Hunter (1969) reported that rabbit sperm were coated with two antigens originating in the testis, two from the epididymis and eight from above the level of the vas deferens. Barker and Amann (1970) showed that differences in the antigenic spectrum of bull sperm also arise during epididymal maturation. Baum (1959) and Katsh (1959) reported that the 1353 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 6 (1977) appearance of antigen in guinea pig sperm occurred at the late spermatid stage. Certain antigens which are detected i.n the vesicular gland fluid are also present on testicular as well as epididymal sperm (Killian and Amann, 1973) . These authors additionally reported that some antigens present in the rete testis fluid were associated with testicular sperm, while others, common to vesicular gland fluid, might be secretory products or enzymes originating in the seminiferous tubules, lmmunodiffusion tests performed by Barker and Amann (1971) suggested that under normal physiological conditions, the corpus and cauda epididymidis probably secrete antigens in addition to those secreted by the testis or caput epididymidis.
Most studies relating to the origin of semen antigens have been conducted through heteroimmunization in many species, including the Bovine, and partial characterization of some of these antigens has been achieved. It is obvious that many of the antigens detected by heteroimmunization are species specific, and thus probably of little practical importance in terms of potential intraspecies incompatibility effects.
There is much to be learned about the origin and function of isoantigens of the male reproductiv'e tract. Such antigens have the potential of eliciting the formation of antibodies which could either enhance or interfere with the normal reproductive process. The aims of this investigation were: (1) to determine the degree of isoantigenicity of bovine seminal antigens; (2) to determine the origin of bovine isoantigens in the male reproductive tract; and (3) to partially characterize these antigens in terms of their physical and chemical nature.
MATERIALS AND METHODS

Isoimrnunization. Isoimmunizations with
pooled semen from eight bulls belonging to the Jersey, Guernsey, Brown Swiss and Holstein breeds were performed to confirm that semen is isoantigenic and to obtain immune sera to aid in the characterization of isoantigens. Twenty virgin heifers were divided into an experimental and a control group consisting of 10 heifers each, with an average age of 14 months. Subcutaneous injections were administered seven times to each animal over a 9-week period, at approximately 10-day intervals. The antigenic suspension given to the experimental group consisted of 2 ml of Freund's incomplete adjuvant and 2 ml of undiluted pooled semen.
For the control group, weekly injections with 2 ml of Freund's incomplete adjuvant and 2 ml of .005 M phosphate buffered saline were administered. Serum samples for immunological tests were collected from each animal by bleeding from the jugular vein prior to each injection. Mucus samples were collected from the anterior vagina and the external cervical os of each animal prior to each immunization to determine if there were any indications of antisemen antibodies in the reproductive tract. All samples were stored at -20 C until required for immunological tests.
Preparation of Antigenic Components. Reproductive tracts from 12 bulls of unknown history were obtained from Coil Packing Company, Columbus, OH 15 min after slaughter. Reproductive fluids were harvested from the cauda epididymides, the testes, and vesicular glands by incising these structures and aspirating fluids with a 10cc syringe attached to a 20-gauge needle. Cauda epididymal contents were centrifuged for 30 rain at 23,500 • g, after which the plasma was separated from the sperm and stored at -20 C. The cauda epididy ~ mal sperm were resuspended in an equal volume of .005 M phosphate buffered saline and subjected to ultrasonication in order to obtain saline soluble sperm antigens for the immunological tests. This was achieved by using a Biosonic III ultrasonicator, equipped with a standard probe set at maximum on the intensity scale. Fluid removed from the caput epididymidis was centrifuged and the supernatant stored. Testicular fluid was collected by aspirating with a syringe after a longitudinal incision of the testis. Vesicular gland fluid was obtained also by aspirating with a syringe. The process was enhanced by gently flushing the testes and vesicular glands with minimal quantities of phosphate buffered saline. The final aspirate consisted of approximately one part saline and four parts testicular or vesicular gland fluid. All components were stored at -20 C until required for further use.
Passive Hemagglutination Tests. The passive hemagglutination test, as described by Stavitsky (1954) , was utilized to detect the presence of antibodies in the test sera and cervical mucus, as well as to determine the antigenicity of various male reproductive tract components. Serial dilutions of the test sera and mucus samples were prepared with isotonic saline containing 1/100 (v/v) inactivated normal rabbit serum. The tests were performed in 13 • 100mm test tubes containing .5 ml of test serum or mucus dilution and .05 ml of tannic acid-antigen coated sheep red blood cells. The antigenic components consisted of seminal plasma, cauda epididymal plasma, cauda epididymal sperm, caput epididymal fluid, testicular fluid, and vesicular gland fluid. Incubation was allowed to occur at room temperature for 12 hours.
Agar Gel-Diffusion Tests. The agar gel-diffusion plate tests were performed as described by Lazear (1958) . lonagar No. 2 (Difco Laboratories) was dissolved in .005 M phosphate buffered saline, pH 7.4, at a 1.2% agar concentration. The test serum (.2 ml) in all cases was placed in the central well, and the fluids examined for antigenicity (.1 ml) were distributed in the peripheral wells. The fluids tested for antigenicity were pooled seminal plasma, individual bull seminal plasma, Sephadex G-200 column fractionated seminal plasma, bull blood plasma, and fluid harvested from different areas of the male reproductive tract. Incubation was allowed to occur in a humid chamber at room temperature, and readings were recorded after 3 days. For confirmation and extension of these tests, the double diffusion tube precipitation test as described by Oakley and Fulthorpe (1953) was also conducted. Individual seminal plasma samples from the eight immunization donor bulls and ten other dairy and beef bulls, and fluid samples collected from the reproductive tracts of slaughtered bulls were also individually placed opposite pooled seminal plasma in the agar gel-diffusion precipitation test.
Immunoelectropboretic Analysis. lmmunoelectrophoretic studies were conducted on whole bovine seminal plasma and the antigenic preparations obtained from various areas of the reproductive tract of the bull. The technique was a slightly modified form of the one described by Campbell et al. (1964) . All of the antigenic preparations with the exception of seminal plasma were concentrated 2.5 times with Lyphogel (Gelman Instrument Company). Approximately .01 ml of antigenic suspension was placed in each well and resolved in an electric field for 100 min at 100V (35 ma). Approximately .5 ml of the antiserum was added to the respective troughs following electrophoresis, and diffusion was allowed to occur for 3 days.
Immunofluorescent Antibody Examination.
The indirect immunofluorescence antibody technique was employed to verify the existence of bovine semen isoantigens in the testes. The method utilized was a modification of the one described by Coons and Kaplan (1950) . Within 30 min after slaughter, cross sections prepared from the testes of four bulls were frozen and stored in liquid nitrogen at -196 C until required. For the immunofluorescent study, sections ranging from 4 to 6 /a thick were prepared on a microtome cryostat. Sections were placed on fluorescent antibody slides, coated with .25% gelatin, and placed in a refrigerated chamber to prevent rapid thawing.
These sections were treated with a few drops of unlabeled bovine anti-semen serum, control serum from non-immunized heifers, or saline and incubated in a wet chamber at 37 C for 30 minutes. Following incubation the slides were washed in .005 M phosphate buffered saline, pH 7.4, and rinsed thoroughly with double distilled water. Several drops of 1:8 diluted fluorescein-conjugated rabbit anti-bovine IgG, (Miles Laboratories), were applied to the preparation, and incubation was carried out for 30 min at 37 C in a humid chamber. The slides were then examined by fluorescence microscopy.
Fractionation and Molecular Weigbt Estimation. Macromolecules of pooled seminal plasma
were separated by gel-filtration on Sephadex G-200. The buffer system was .1 M Tris-HC1, pH 8.0, with .2 M sodium chloride. Separation was achieved at 4 C on a 2.5 • 100 cm column with a flow rate of 15 ml per hour. The effluent was collected in 5 ml increments, and relative protein concentration was determined by ultraviolet light spectrophotometry at 280 nanometers. An estimation of the molecular weights of the peaks eluted from the column was performed as described by Andrews (1964 Enzyme Studies. Lyophilized, gel-filtration fractions of bovine seminal plasma; were incubated with Pronase and alpha-amylase (fungal origin, 5,000 S.K.B. units activity/g) in separate enzyme treatments. The concentrations of each enzyme in .01 M phosphate buffer, pH 7.1, ranged from .02% to 1.6% (w/v). One part enzyme solution was incubated at 37 C for 90 min with five parts of the respective seminal plasma fraction (previously standardized to 4% protein). Following incubation, each digested sample was examined immunologically by the agar gel-diffusion technique at 4 C.
Heat Stability Studies. The stability of semen isoantigens was tested at various temperatures in a water bath. Incubation of seminal plasma was conducted under the following conditions:
(1) 56 C for 30 min; (2) 65 C for 15 min; (3) 65 C for 30 min; (4) 75 C for 15 min, and (5) 75 C for 30 minutes.
RESULTS AND DISCUSSION
Passive Hemagglutination Tests. The isoantigenic potency of bovine semen was amply demonstrated after subcutaneous administration to dairy heifers. The resultant antibody production, as indicated by passive hemagglutination tests involving seminal plasma and reproductive tract components, is summarized in table 1. All sera from all control animals were negative in hemagglutination tests. These results, together with the observed pre-immunization negative titers in the immunized animals, constituted convincing evidence that the antibodies produced by the experimental animals were indeed evoked by semen antigens. The failure to detect any hemagglutination reactions against vesicular gland fluid suggested that the vesicular glands were not the source of any of these antigens.
No anti-semen antibodies were detected in the cervical mucus. This negative finding, however, may not be directly indicative of an inability of the bovine reproductive tract to respond to semen immunization by transporting or producing antibody. Instead, it may in this case have been more closely related to a general debilitated condition noted for the immunized heifers. They all developed abscesses at the injection sites, their general well-being deteriorated, and this deterioration was accompanied by reduced reproductive function. Several of the heifers stopped cycling and others failed to cycle regularly. Rectal palpation revealed abnormally small ovaries and reproductive tracts, with a pronounced lack of tonicity. Previous studies have reported the presence of anti-semen antibodies in the bovine reproductive tract following semen immunization (Mellad and Hines, 1972; Menge, 1970) .
Agar Gel-Diffusion Tests. The agar gel-diffusion plate test revealed the presence of at least four precipitin lines formed by the reaction of bovine seminal plasma with anti-semen sera. These were designated 1 to 4 in order of their proximity to the antiserum well (with line 1 being closest). A similar number of precipitin lines was formed against cauda epididymal plasma, cauda epididymal sperm, caput epididymal fluid, and testicular fluid, and these were identical to those produced by the whole seminal plasma. These results are presented in figure 1 . Tube precipitation test results exactly paralleled those achieved in the plate tests.
The pattern of immunological reaction was the same for all immune sera tested, thus providing no evidence of polymorphic differences among the 10 experimental animals. Seminal plasma from nine of 10 individually examined bulls reacted identically with the antisera. Seminal plasma from the 10th bull exhibited no reaction with the antisera, but reacted instead with the seminal plasma from all other examined bulls. While possibly indicative of a polymorphic difference, the unusual immunological reactivity of this bull's seminal plasma was accompanied by other semen changes suggestive of an autoimmune reaction.
No precipitin lines were formed between any of the antisera and the vesicular gland fluid. Likewise, no precipitin lines were formed against the blood plasma samples from any of five tested bulls. These results indicate that the detected semen antigens were not of blood origin. Thus, although some blood was undoubtedly present in the tested reproductive fluids and tissues, it can be excluded as a source of the antigens detected in these studies.
Imrnunoelectropboretic and Irnmunofluorescent Studies. The immunoelectrophoretic studies partially confirmed the results of the agar gel-diffusion. Four preciptin arcs were produced by the seminal plasma, but only two of these appeared in the cauda epididymal plasma, cauda epididymal sperm, and caput epididymal fluid. These results are presented in figure 2. Like the gel-diffusion test, immunoelectrophoresis failed to detect any antigens in the vesicular gland fluid, suggesting that the vesicular glands might not contribute any of the detected isoantigens. Although immunofluorescent examinations were not performed on the + $.P. Figure 2 . lmmunoelectrophoretic patterns of bovine seminal plasma and other constituents of the bovine reproductive tract. C.E.P.: cauda epididymal plasma, C.E.S.: cauda epididyma/ sperm, Ca.E.P.: caput epididymal fluid, S.P.: seminal plasma. vesicular glands, testicular immunofluorescence results supported the conclusion that the testis was the source of at least some of the isoantigens. Similar fluorescence patterns were observed in testis sections from all examined bulls. Menge (1969) suggested that the isoantigens which he detected probably arose in the testis after the spermatogonial stage of development, since immature testis failed to evoke any isoantibody response.
Macromotecular Fractionation. Bovine seminal plasma components were separated on a Sephadex G-200 column into five fractions designated A to E. A typical elution pattern is presented in figure 3 . Fraction A contained predominantly void volume material, fractions B and C had estimated molecular weights of 92,000 and 18,000, respectively, and fractions D and E were composed of components smaller than the smallest molecular weight marker employed (13,700). Seminal plasma isoantigens, identified by four gel-diffusion precipitin lines, were found in two separate column effluent areas: the trailing edge of peak A and the leading edge of peak B. Column fractions between these two areas were devoid of such antigenicity. There was no clear-cut separation of individual precipitin lines into one or the other of the two detection zones; therefore any molecular weight estimates derived from such fractionation refer to the particular antigenassociated complexes passing through the column and being detected in the respective fractions. The explanation of similar agar-gel results for the two different column fractions is not presently clear. The estimated molecular weights for components of the two antigenic zones were 285,000 and 110,000, respectively.
Enzyme and Heat Stability Studies. Immunodiffusion tests of Pronase-digested column fractions A and B, performed at 4 C to reduce Pronase activity against the antisera, revealed that antigens 1 and 2 were not affected, while the precipitin lines associated with antigens 3 and 4 were no longer present. Alpha-amylase in concentrations similar to those of Pronase failed to alter the immunological reactivity of any of the isoantigens. These results suggest that the isoantigens are protein in nature. While a certain degree of ambiguity of interpretation persists because of the possibility that latent Pronase activity might be destroying the interacting antibody rather than the antigen, the fact that the two weakest precipitin lines remained and the strongest ones were elimi 2 nated argues in favor of antigenic effect.
The stability of bovine semen isoantigens to heat treatment also varied. All of the detected isoantigens appeared to be destroyed by heating at 65 C for 30 minutes. Isoantigen 4, i.e. the one producing the outermost precipitin line, is very heat labile and was completely destroyed with a temperature of 56 C for 30 minutes. The other three antigens exhibited a greater degree of stability. Antigens 2 and 3 were destroyed at 65 C for 15 min, whereas antigen 1 was not destroyed until this temperature was maintained for 30 minutes. The general picture which emerges is one of some four isoantigenic components which, in the designated numerical order, became increasingly more heat labile and Pronase vulnerable. The inability completely to separate these components suggests the possibility of dependency associations among them. Such a dependency could involve a-polymeric series formed from a basic antigenic subunit, or, alternatively, the association of a small antigenic unit with different carrier molecules.
Isoantibodies in Semen. Reproductive fluid from two of the 30 bulls examined contained antibodies which reacted with seminal plasma components in a fashion whcih could not be distinguished from that of antibodies resulting from the immunizations. When reproductive fluids from these two bulls and immunization antisera were placed side by side and allowed to diffuse against pooled semen the precipitin lines appeared to coincide. One of these bulls was still living while the other was represented via the reproductive tract collections from the abattoir. There were suggestions that the reactants in the semen of the living bull were autoantibodies which may have rendered him sterile; he was essentially azoospermic. Fractionation of his seminal plasma on Sephadex G-200 revealed that the anti-semen antibody activity was all present in peak A, suggesting that it was possibly of type IgM or IgA, in contrast to the experimentally produced antisemen antibodies, some of which were indicated by immunofluorescence results to be IgG.
A limited supply of reproductive fluid from the dead bull prevented making similar determinations. However, the existence in this case of reproductive tract components permitted demonstration that the antibody activity was not present in either the cauda epididymal plasma or testicular fluid, but only in the vesicular gland fluid.
The presence of sperm agglutinins in the seminal fluid as well as blood plasma of oligospermic and infertile men has previously been reported (Rumke, 1954; Rumke and Hellinga, 1959) , but the relationship to fertility is not entirely clear. The function and significance in the bovine of the detected isoantigens and the corresponding anttibodies which may develop in the male is an intriguing but presently unanswered question. In light of the observation of these isoantibodies in 7% of the tested bulls and their possible effect upon fertility, it seems desirable to continue investigations in this area.
